The dramatic changes seen in the X-ray spectral and timing properties of accreting black hole candidates (BHCs) provide important clues about the accretion and jet formation processes that occur in these systems. Dividing the different source behaviors into spectral states provides a framework for studying BHCs. To date, there have been three main classification schemes with Luminosity-based, Componentbased, or Transition-based criteria. The canonical, Luminosity-based criteria and physical models that are based on this concept do not provide clear explanations for several phenomena, including hysteresis of spectral states and the presence of jets. I discuss the re-definitions of states, focusing on an application of the Componentbased states to more than 400 RXTE observations of the recurrent BHC 4U 1630-47. We compare the X-ray properties for the recent 2002-2004 outburst to those of an earlier (1998) outburst, during which radio jets were observed. The results suggest a connection between hysteresis of states and major jet ejections, and it is possible that both of these are related to the evolution of the inner radius of the optically thick accretion disk.
Introduction
It has long been known that accreting black hole candidates (BHCs) exhibit a wide array of emission properties, and, over the years, these properties have been divided in various ways into spectral states. The first state transition was detected in the early 1970s using Uhuru when the 2-6 keV flux from Cyg X-1 was seen to decrease by a factor of four while the 10-20 keV flux increased by a factor of two. Upon the discovery of this change, Tananbaum et al. (1972) called this a transition from a "low" state to a "high" state based on the change in the 2-6 keV flux. It was also realized at this time that the radio properties can be associated with the X-ray states as Hjellming and Wade (1971) also reported a radio detection from Cyg X-1 that Tananbaum et al. (1972) associated with the low state. Since these early discoveries, more sensitive, higher-throughput, broadband X-ray detectors and multi-wavelength coverage have provided a much more detailed understanding of the phenomenology of spectral states, including both the spectral (e.g., Wilson and Rothschild, 1983; Mitsuda et al., 1984; Tanaka and Shibazaki, 1996; Grove et al., 1998) and timing (e.g., Miyamoto et al., 1991; van der Klis, 2004) properties. Also, theoretical work has provided insights into the physical processes that are occurring in these binary accreting BHC systems (e.g., Shakura and Sunyaev, 1973; Abramowicz et al., 1988; Esin et al., 1997) .
Some of the best examples of broadband, 1-2000 keV, energy spectra combine spectra from the Compton Gamma-Ray Observatory's (CGRO) OSSE instrument with spectra from various soft X-ray instruments (Grove et al., 1998) . From these, it is clear that there are three components that dominate BHC spectra: The soft component; the cutoff power-law component; and the steep power-law component. The soft component is due to thermal emission from an optically thick accretion disk. In many cases, the shape of this component is consistent with the predictions for a Shakura and Sunyaev (1973) disk with an inner disk temperature of ∼1 keV. Historically, the cutoff powerlaw component has been explained by invoking inverse Componization from a hot electron "corona" with a thermal energy distribution at a temperature of ∼100 keV. However, the geometry of the corona is not known, and the question of whether jets may be involved in X-ray production is a current topic of debate (Markoff and Nowak, 2004) . The origin of the steep powerlaw component is also a topic of debate (see, e.g., McClintock and Remillard, 2003) . Although the emission mechanism may be inverse Comptonization, the fact that the component extends to MeV energies or beyond without a cutoff (Tomsick et al., 1999) makes it unlikely that it comes from a thermal electron distribution. Hybrid thermal/non-thermal models have been developed (Coppi, 1992) , but the mechanism for accelerating the electrons is still unclear.
When the thermal component is present, it is usually accompanied by the steep power-law component at some level, and if the thermal component dominates the 2-10 keV band, it is traditionally said that the source is in the "High-Soft" state. At other times, when the cutoff power-law component dominates the entire X-ray spectrum, this state has come to be known as the "Low-Hard" state. The high throughput X-ray instruments such as Ginga and the Rossi X-ray Timing Explorer (RXTE) have made it clear that the X-ray timing properties are closely related to the spectral properties, and they are also important in defining the spectral states. While strong timing noise is seen in the High-Soft state and weak noise is seen in the Low-Hard state, it was noticed by Miyamoto et al. (1991) and others that at very high luminosities, the power spectra typically show intermediate levels of timing noise and usually exhibit quasi-periodic oscillations (QPOs). This state became known as the Very High State (VHS). In addition to the VHS, the presence of another distinct state, the "Intermediate" state (IS), with properties (luminosity, timing noise, spectral hardness) intermediate to the Low-Hard and High-Soft states was suggested (Belloni et al., 1996; Mendez and van der Klis, 1997) . When the very low luminosity "Off" or "Quiescent" state is included, there are five canonical spectral states: VHS, High-Soft, IS, Low-Hard, and Quiescent.
Based on this Luminosity-based classification of states, a physical picture including advection-dominated accretion flows (ADAFs) was advanced to explain many of the X-ray properties (Esin et al., 1997) . This picture supposes that all of the emission properties are set by changes in the mass accretion rate (Ṁ ). While other physical parameters, such as the inner radius of the optically thick disk and the size of the corona might change, the concept of the model is these are tied toṀ . While relatively successful in describing some of the spectral properties of BHCs, this model clearly misses some of the important BHC physics. In the following, I describe some of the evidence for other physics. Then, I discuss state classifications that have been recently advanced in an attempt to adapt the spectral state definitions in light of recent observational results. Finally, I use a large set of RXTE observations of the BHC transient 4U 1630-47 as a case study and discuss the results.
Beyond the Canonical Spectral States

Radio Connections to States
Although it has been known for some time that many of the BHC systems are radio emitters, most of the systematic studies of how the radio properties are connected to the spectral states have only been carried out over the past several years. It has now been well-established that steady, flat-spectrum radio emission is associated with the Low-Hard state (Corbel et al., 2000; Fender, 2001) . For two sources, this radio emission is resolved, indicating that radio jets are present (Stirling et al., 2001; Dhawan et al., 2000) . In many cases, the radio and X-ray fluxes are strongly correlated , indicating that the radio and X-ray emission mechanisms are closely linked. The presence of a steady jet in the Low-Hard state has implications for the Esin et al. (1997) physical model as this state is where the ADAF forms when accretion energy is advected into the black hole. It has been suggested that this accretion energy may be lost to the jet instead (Blandford and Begelman, 1999; Fender et al., 2003) . The figure has been adapted from Corbel et al. (2004) , and the time of the major radio ejection (marked with an arrow) comes from Gallo et al. (2004) . For several systems, it has been found that major radio ejections follow a bright "Low-Hard" state and occur close to a state transition.
In addition to the steady radio jets, BHC systems show major, discrete jet ejections when the systems are at high X-ray fluxes (likely at highṀ). Although these major jet ejections were initially given more attention than the steady jets likely due to apparently superluminal motions measured for some of the discrete ejections (Mirabel and Rodríguez, 1999) , a clear connection between the ejections and specific spectral states has been lacking. With studies of several recent BHC outbursts where major ejections occurred, this connection may be becoming clearer. The example in Figure 1 shows the evolution for the BHC GX 339-4 where the source started off in the Low-Hard state, made a transition to the IS, and then a major radio flare occurred when the source made a transition to the VHS, and similar evolution has been seen for several other sources Fender et al., 2004) .
Hysteresis and Possible Second Physical Parameters
BHC transients show hysteresis in the evolution of their spectral states during their rise and decay (see van der Klis, 2004, and references therein). Several examples of hysteresis and luminosity-independence of states are given in Tomsick (2004) . The most common form of hysteresis is that the "LowHard" state sometimes occurs at the peak X-ray luminosity for a given BHC outburst. This hysteresis is not explained by physical models of BHCs such as the Esin et al. (1997) model described above, but it very likely indicates that there is at least one physical parameter that is at least partially independent ofṀ that is important for setting the spectral state (Homan et al., 2001; Tomsick, 2004) . Several second parameters are worth considering, including the presence and power of an outflow or jet, the fraction of accretion energy dissipated in the corona (vs. the optically thick portion of the disk), the accretion rate in the corona vs. the accretion rate in the disk (in two flow models such as Chakrabarti and Titarchuk, 1995) , and the inner radius of the optically thick disk (R in ), even though one might expect R in to be at least partially dependent onṀ .
Re-Definitions of States
In light our changing view of spectral states and the physics behind accreting BHCs, two re-definitions of BHC states have been advanced. One of these redefinitions by McClintock and Remillard (2003) is based on the details of the X-ray spectral and timing parameters and relies most heavily on the strength of the three spectral components described above. Generally, sources are in the "Thermal-Dominant" (TD) state when the soft component dominates; the "Steep Power-Law" (SPL) state when the spectra have a strong powerlaw component with a photon index (Γ) steeper than 2.4; and the "Hard" state when the spectra are dominated by a cutoff power-law component with 1.5 < Γ < 2.1 and the level of timing noise is high. An important feature of the McClintock and Remillard (2003) classification scheme is that the authors have determined quantitative state definitions using 30 RXTE spectra from 15 different BHC sources. This gives precise meaning to the states and allows for clearer source-to-source comparisons.
Another re-definition scheme (Homan and Belloni, 2004; Belloni, 2005) groups the states by location in the hardness-intensity diagram according to where sharp changes in emission properties occur. The following contains some discussion of this scheme, but we refer to the paper in these proceedings by T. Belloni for details. In summary, three main classification schemes have been advanced: The canonical definitions are Luminosity-based; the McClintock and Remillard (2003) definitions are Component-based; and the Homan and Belloni (2004) definitions are Transition-based.
Application to 4U 1630-47
The recurrent BHC transient 4U 1630-47 recently finished one of its brightest and longest outbursts at the end of 2004. It is one of the most active BHC transients with 17 detected outbursts going back to 1969. The possibility to compare different outbursts makes it an interesting source to study, and we have analyzed data from over 400 RXTE observations taken during its 1998 outburst (Tomsick and Kaaret, 2000; Dieters et al., 2000; Trudolyubov et al., 2001 ) and its recent outburst (Tomsick et al., 2005) . This provides an especially interesting comparison because strong and highly polarized radio emission was detected during the 1998 outburst (likely indicating the presence of radio jets) but not during its 2002-2004 outburst (Hjellming et al., 1999; Hannikainen et al., 2002; Tomsick et al., 2005) .
As described in detail in Tomsick et al. (2005) Figure 2 . The 1998 outburst follows a pattern that is now recognized as being rather typical for BHCs (see Figure 1) . The source begins the outburst by reaching a relatively bright Hard state before making a transition to an intermediate state and then to a SPL state. Radio emission likely signals a major jet ejection starting around the time that the source makes a transition to the SPL state. The motion in the hardness-intensity diagram is counter-clockwise, which is similar to the outbursts that have been used as the basis for the Transition-based state definitions (Homan and Belloni, 2004) . The hysteresis in the Hard state transition levels is clear with the transition from the Hard state at the beginning of the outburst being a factor of five or more higher in flux than the transition to the Hard state at the end of the outburst.
The behavior during the 2002-2004 outburst is in sharp contrast to the 1998 outburst. The rise of the outburst is very fast, and there is no evidence that the source ever entered a bright Hard state. The overall outburst is considerably softer, with the source entering the TD state on several occasions. Radio observations yielded non-detections for the TD, IS, and SPL states.
The hardness-intensity diagram shows an evolution that is completely different from 1998, with the source being in the TD state during its rise. The differences between outbursts indicates a connection between the X-ray behaviors and radio jets. This connection may be related to the hardness of the outburst or to more subtle X-ray features such as the source entering a bright Hard state or counter-clockwise motion in the hardness-intensity diagram.
5 Connections between Hysteresis, Jets, and R in It is clear that physical processes are operating in BHC systems that are not captured by canonical state definitions and the standard physical picture that changes in emission properties are driven only by changes in mass accretion rate. Observations of hysteresis of state transitions and radio jets are examples of phenomena that do not have good physical explanations. Observations of 4U 1630-47 as well as other BHC systems suggest that the two phenomena may be related. For GX 339-4, XTE J1859+226, XTE J1550-564, and 4U 1630-47 in 1998, major radio ejections are preceded by bright Hard states, while the recent outburst from 4U 1630-47 showed no bright Hard state (i.e., hysteresis) and no major radio ejection.
Additionally, recent theoretical work suggests that both phenomena (hysteresis and major radio ejections) may be regulated by the location of the inner radius of the optically thick accretion disk, R in . Meyer-Hofmeister et al. (2005) suggest that if R in becomes very large when sources enter quiescence, allowing for a central corona with strong hard X-ray emission, then this hard X-ray emission may inhibit the formation of the inner optically thick disk. If this occurs, then the hard X-ray source (and thus the Hard state) may survive up to very high accretion rates. The "unified model" for BHC jets by Fender et al. (2004) has been inspired, in part, by the Transition-based state definitions. In this model, the main physical parameter that determines the nature of the outflow is also R in . The slow, steady compact jets are produced when R in is large, while the disk must approach the black hole (small R in ) before the highly relativistic major outflows can be produced. Although more work is required to show that R in is indeed the other important physical parameter in setting the BHC emission properties, understanding the accretion geometries and how they are related to the different kinds of jets would be a major step forward in our understanding of the disk/jet connection.
